Ecosystems and biodiversity produce benefits to society, but many of them are hard to quantify. For example, it is unclear whether European societies gain benefits from experiencing rivers that host high native biodiversity. Without such knowledge, monetary investments into ecologically oriented river management plans are difficult to justify. The objective of this study was to reveal how the public in four European countries values ecological characteristics of domestic rivers and the outcomes of hypothetical river basin management plans designed to improve river ecosystems, particularly fish biodiversity. We conducted a choice experiment among the populations in Norway, Sweden, Germany, and France. We found similar preference structures in all countries with high marginal willingness-to-pay for improvements of abiotic river attributes (increased accessiblity of the river banks, improved bathing water quality, decreased river fragmentation). Citizens also benefited from certain fish species occurring in a river with native salmonid species being more valued than nonnatives, particularly in Norway, and from the degree of a river's native biodiversity. Welfare measures calculated for selected river basin management plans (policy scenarios) revealed societal benefits that were primarily derived from ecological river management whereas a scenario focusing on hydroelectricity production generated the lowest utility. We conclude that ecological river management may produce high nonmarket economic benefits in all study countries, particularly through the management of abiotic river attributes and the restoration of declining or extinct fish species. Our results help to inform decisions on restoration efforts by showcasing the benefits that these measures have for the public.
Introduction
Rivers and their fish populations deliver a range of ecosystem services (Holmlund and Hammer 1999; Auerbach et al. 2014) , thereby contributing to human health and wellbeing (White et al. 2010; Nichols 2014) . Due to a range of anthropogenic pressures (e.g., water abstraction, pollution, eutrophication, habitat degradation, damming, introduction of invasive species), the ecological status of many European watersheds, including the distribution of native fish species, has strongly declined over the last centuries (Dudgeon et al. 2006; Lenders et al. 2016) . Today, riverine biodiversity has become one of the most threatened components of global biodiversity (Dudgeon et al. 2006; Collen et al. 2014) , and ongoing economic development is further threatening river biodiversity in biodiversity hotspots (Zarfl et al. 2015; Winemiller et al. 2016) . European freshwater fishes rank particularly high on the threat list relative to other vertebrates (Freyhof and Brooks 2011) . Stressed ecosystems where biodiversity is in peril have been suggested to not deliver the full range of ecosystem services to society (Rockström et al. 2009; Sandifer et al. 2015 ), yet it is unclear to what extent this relationship applies to selected parts of the biotic world such as river fishes.
Ecological management ranks high on the priority list of many countries, which is reflected in their national policies and regulations aimed at curtailing biodiversity loss and restoring anthropogenically degraded ecosystems. In the European Union, the European Water Framework Directive (WFD; European Commission 2000), which has also been adopted by Norway, is an example of a regulation directed at the conservation of aquatic ecosystems. This policy aims at fostering the improvement of the ecological condition of aquatic ecosystems until a "good ecological status" is reached by 2027 (Hering et al. 2010; European Commission 2017) . Recent assessments across Europe show that most surface waters fail to achieve a good status (or potential, for heavily modified or artificial water bodies), with rivers being generally in a worse condition than lakes (European Environment Agency 2018). The same is true for specific components of river biodiversity. For example, many riverine fish populations have strongly declined, and selected iconic species, such as Atlantic salmon (Salmo salar) and European eel (Anguilla anguilla) are threatened, and European sturgeon (Acipenser spp.) is virtually extinct across Europe (WWF 2001; Hindar 2003; Freyhof and Brooks 2011; Wolter 2015) .
Conservation and restoration of these species demands considerable investment of public funds into river restoration (Szałkiewicz et al. 2018 ) like fish-friendly management of hydropower production (Nieminen et al. 2016) . Such investments can only be justified if the public receives significant economic benefits from rivers with a good ecological status and from the presence of selected fish species. Estimating these benefits for the population at large requires an assessment of individual preferences for river development under trade-off conditions (European Commission 2000; Brouwer 2008) . Given budgetary constraints, monetary values that the public associates with river attributes (e.g., the degree of biodiversity) can facilitate policy decisions on river basin management to meet ecological targets and to ensure that the costs are not disproportionate compared to the benefits that these actions generate for society (Brouwer 2008; Polizzi et al. 2015) . One approach to eliciting the preferences of individual citizens for the status and future development of aquatic ecosystems are choice experiments (CE). CE are particularly well-suited for studying the trade-offs that precede preference formation in light of monetary constraints (Hanley et al. 2006; Brouwer 2008; Kataria 2009; Meyerhoff et al. 2014 ). We used a CE to evaluate the preferences for river attributes in four European countries (Norway, Sweden, Germany, and France) and to understand whether ecological restoration goals align with nonmarket values attached by the general public to ecological river attributes as public goods. Modeling results were used to quantify the societal benefits of various policy scenarios as hypothetical outcomes of different river management strategies.
We assumed that people in all study countries prefer good water quality, easy access to the river banks and a high share of native biodiversity. We further expected that Scandinavians, particularly Norwegians, assign more value to specific fish species such as Atlantic salmon than the Germans or French because this species is economically and culturally more important in Norway, where it provides lucrative inland fisheries and aquaculture operations (WWF 2001; Hindar 2003) and has been receiving long-term coverage by mass media (Liu et al. 2016) . By contrast, because species like Atlantic salmon are extinct in central Europe (e.g., in Germany) or strongly declining (as in France), central European citizens may have undergone an "extinction of experience" (Soga and Gaston 2016) and in turn may no longer benefit from knowing that a river is hosting salmon or other species they are hardly aware of (Kochalski et al. 2019 ).
Materials and Methods

Choice Experiment and Survey Instrument
A CE is a stated preference nonmarket valuation instrument that is consistent with utility maximization theory (Marschak 1960; McFadden 1974; Louviere et al. 2000) under the assumption that, given their budget constraints, people prefer one good over another good if the former maximizes the total expected utility gained from it. Due to the tradeoffs implicit in a CE, the approach reveals more about respondents' preferences and their underlying utility structures than asking directly and separately for preferences for individual attributes of a good, because people tend to want the best of everything (e.g., Daigle et al. 2016) . CE are especially suitable for assessing public preferences for nonmarket goods and intrinsic values like those associated with biodiversity and other river attributes.
In our CE, we defined rivers as "running waters that are wide enough to allow for boating with small pleasure boats such as kayaks, canoes, or rowing boats". Respondents were then presented with descriptions of two hypothetical river development programs (Fig. 1 ) that were specified along the levels of seven attributes (Table 1) . To put the programs into temporal and spatial context, respondents were told that they would take effect within 10 years (Ahtiainen et al. 2015) and affect most rivers within a 50-km radius around their homes (Fig. 1) . In the CE, we prompted respondents to consider only rivers within this area. A reference area defined by socially meaningful criteria ("home turf"; Liebich et al. 2018) promised to be more relevant to respondents than referring them to regions described in more biogeographical terms (like specific rivers or catchments; Liebich et al. 2018) . Respondents were further informed that to achieve the outcome of a program, an obligatory financial contribution to a hypothetical river development fund was required, which the respondents would have to pay annually for a 10-year period (price attribute; Table 1 ; Fig. 1 ). Given the cost of each development program, respondents had to decide which one they preferred (Option A vs. B; Fig. 1 ), or alternatively, whether they wanted to maintain the current ecological status of the rivers (status quo) within their reference areas without any additional costs (Option C; Fig. 1 ). Respondents were asked about their subjective perception of the ecological status of these rivers before the CE was administered. The choice task thus required the respondents to trade off the total utility derived from one development program against that of the other program, depending on how much, if at all, they valued each of the river attribute levels. The estimated disutility of income loss (i.e., the price to be paid for a program) was used to rescale the utilities derived for the nonmonetary attributes to monetary units as a common metric, which made utilities directly comparable (Hanemann 1984) . Prior to the presentation of the choice sets, respondents were introduced to all attributes (Table 2) and their levels (Table 1) .
The CE was constructed in a multi-stage development and pretest phase aiming to identify river attributes that indicate a good ecological status while being relevant to citizens' everyday life. The attributes also had to be independent of each other and changeable through (hypothetical) management measures, thus allowing for policy scenario analyses. This phase involved experts from the study countries as well as exploratory interviews with members of the general population. The first of the final Fig. 1 Example of a choice set as shown to respondents Environmental Management (2019) 63:759-776 attributes that fulfilled the relevance criteria was the fish species occurring in a river (Attribute 1; Table 1 ). The levels of this attribute comprised two salmonid species (migratory Atlantic salmon and brown trout [Salmo trutta]; Table 1 ) that are native to all study countries. They can be considered flagship and umbrella species, that is, they are relevant to both fisheries and the general public, and indicative of a good ecological river status (Hindar 2003; Kalinkat et al. 2017) . Economically important to Norway but extinct in Germany and endangered in France, Atlantic salmon is being restored in the latter two countries. It is also a familiar food product (WWF 2001; Hindar 2003; Wolter 2015) , which nutritionists recommend for regular consumption (Dinter et al. 2016 (Aas et al. 2018 ). These species are also known to the public as a Contributions were identical in Germany and France (Euros); in Sweden Euros were converted into SEK: 20 Euros = "190 SEK (=1900 SEK på 10 år)"; 50 Euros = "480 SEK (=4800 SEK på 10 år); 90 Euros = "860 SEK (=8600 SEK på 10 år)"; 130 Euros = "1240 SEK (=12,400 SEK på 10 år)"; 180 Euros = "1720 SEK (=17,200 SEK på 10 år)"; 220 Euros = "2100 SEK (=21,000 SEK på 10 år)"; in Norway Euros were converted into kroner: 20 Euros = "190 kroner per år (=1900 kroner i løpet av 10 år)"; 50 Euros = "470 kroner per år (=4700 kroner i løpet av 10 år)"; 90 Euros = "850 kroner per år (=8500 kroner i løpet av 10 år)"; 130 Euros = "1220 kroner per år (=12,200 kroner i løpet av 10 år)"; 180 Euros = "1690 kroner per år (=16,900 kroner i løpet av 10 år)"; 220 Euros = "2070 kroner per år (=20,700 kroner i løpet av 10 år)" edible fishes but are often perceived as being native to Europe (Kochalski et al. 2019) . Two further migratory fish species were included: threatened European eel and the extinct sturgeon (Table 1) , which benefit from free flowing rivers when migrating to their spawning grounds (Nieminen et al. 2016) . Grayling (Thymallus thymallus), another native salmonid, and bream (Abramis brama), a cyprind, were also included (Table 1) . These species were not expected to strongly increase river utility, but they are key species determining fish regions in European rivers (Huet 1949) . Another biological attribute was the relative abundance of each species shown on the choice sets (defined as the "share of individual fish"; Attribute 2; Table 1 ). This attribute's levels ranged from 0% to 70% to include even very high levels of abundance (i.e., dominance). We also included native biodiversity as a more generic attribute ("share of native animal and plant species"; Attribute 3; Table 1 ), whose levels ranged from 10% to 100%, assuming that its highest level was ecologically most valuable. Referring directly to the presence of riverine organisms, these three attributes reflected biotic river characteristics. The remaining four attributes described abiotic river characteristics, primarily reflecting the human perspective on the use of rivers while still being closely related to Contribution to a river development fund which you would have to pay every year over a 10-year period… … to achieve the described river status for most rivers within 50 km from your residence. Note that the money that you would have to pay for a river development program would not be available for other expenditures any more.
a Displayed on the choice sets ( Fig. 1) b
Used to introduce respondents to the choice experiment c Explanations made available on each choice set via the info button next to the attribute's short name ( Fig. 1) biological river conditions. We included the degree of modification of the water flow due to hydropower dams as fourth attribute (Table 1) , as it threatens the natural ecological function of rivers across the world (Zarfl et al. 2015; Winemiller et al. 2016; Couto and Olden 2018) and particularly migratory fishes (Lawrence et al. 2016; Cooper et al. 2017 ). This attribute implicitly required respondents to compare the utility derived from the production of climatefriendly electricity with the utility gained from knowing that fishes were able to migrate (Table 2 ) and other (e.g., aesthetic) values potentially associated with a free-flowing river. A free-flowing river was taken to be ecologically most valuable. Accessibility of the river banks (Attribute 5; Table 1 ) and the bathing water quality (Attribute 6; Table 1) were also deemed to be related to a good river status as perceived by the public (Hanley et al. 2006; Kataria 2009; Artell and Huhtala 2017) . The definitions of the attribute levels of bathing water quality (Table 2) were adapted from the water quality ladder used by Meyerhoff et al. (2014) . Respondents were instructed to consider this attribute to be independent of whether they actually used a river for bathing or not. Riparian zones of rivers provide natural habitats for plants and animals, which can be destroyed through artificial embankments or effects of trampling (Arlinghaus et al. 2002; Tockner et al. 2010) . Very difficult access to the river banks and very good bathing water quality were thus thought to indicate a river's good ecological status. The obligatory annual contribution to a hypothetical river development fund served as price attribute (Attribute 7; Table 1 ).
To familiarize respondents with the attributes and their levels, we ascertained their perceptions of the status quo of the rivers within their reference areas using rating scales with verbal descriptors identical to the attribute levels used in the CE (Ahtiainen et al. 2015) . This was done for the share of native animal and plant species of the river, the modification of the water flow due to hydropower plants, the accessibility of the banks, and the bathing water quality (Attributes 3 to 6; Table 1 ). As we expected most study participants to have only little, if any, knowledge of the fish species assemblage in their nearby rivers (Kochalski et al. 2019; Liebich et al. 2018 ), we did not ask for the assumed presence of particular fish species and their abundance (Attributes 1 and 2; Table 1 ).
Bayesian efficient statistical designs were created for a multinomial logit model (Scarpa and Rose 2008) to allocate attribute levels (Table 1) to river development programs to fully enumerate respondents' preferences for different attributes. As design criteria, we used D-efficiency and Sefficiency for which we created 32 choice sets each that were blocked into four distinct subsets each encompassing eight choice sets. Two design criteria were used to mitigate potential biases due to optimizing only for one criterion (Olsen and Meyerhoff 2016) . Respondents were randomly assigned to one block of choice sets. The questionnaire also mapped the demographic background of the respondents.
Data Analysis
The analysis of the stated choices is based on the random utility model (McFadden 1974) . It assumes that an individual decision maker's preferences are the sum of a systematic (V) and an unobservable or stochastic component (ε), where V is an indirect utility function. If the stochastic component is distributed independently and identically and follows a Gumbel distribution, the conditional probability that alternative i is chosen by individual n is defined as:
where the scale parameter (μ) of the error distribution is confounded with the parameter vector ß k and generally normalized to 1, X ik is attribute k of alternative i. As the simple logit is unable to account for unobserved taste heterogeneity and the fact that each respondent faced 8 choice sets (leading to repeated measures), we opted for a mixed logit model. This model is an extension of the basic multinomial logit model estimating not only the mean for each attribute parameter but also the deviation of each respondent from the sample mean taking unobserved taste heterogeneity into account (Train 2009 ). For all nonmonetary attributes, we assumed that the parameters specified as random follow a normal distribution. The cost attribute, however, was set to follow a lognormal distribution as it ensures that the coefficient has always the same sign; the cost attribute was multiplied by −1 before estimation. We also investigated observed taste heterogeneity and included interactions between the alternative-specific constant for the current situation (ASCsq) and respondent-related characteristics. These comprised sociodemographic (age, gender, and education) as well as environmental characteristics (land use and prevalence of rivers within the 50-km reference areas). Significant coefficients for the interactions indicate an influence of these characteristics on the likelihood that the status quo of the rivers (Option C; Fig. 1 ) is chosen instead of a program that would change the current ecological conditions in the river. To determine the environmental characteristics for each respondent individually, we sourced geographical information about the degree of urbanization and the number of rivers within their 50-km areas using GRASS GIS (Neteler et al. 2012 ). We extracted geographical coordinates for the zipcode of each respondent and obtained land cover information from the European Corine Land Cover (CLC) 2012 database at a spatial resolution of 250 × 250 m (http://land.copernicus.eu/ pan-european/corine-land-cover/clc-2012/view). We also obtained a vector river network from the European CCM river and catchment database (http://ccm.jrc.ec.europa.eu; de Jager & Vogt 2010). For further analysis the original CLC classes 1 to 11 were aggregated to a single thematic class representing urbanization. Subsequently, we calculated (i) the percentage of urban land cover and (ii) the number of unique rivers within a buffer radius of 50 km around each respondent's location. These data were matched with the survey data.
As the status quo of the rivers is expected to vary between respondents' reference areas due to natural causes, the assumption of a uniform status quo for all respondents can lead to biased coefficient and welfare estimates. We therefore constructed individualized status-quo alternatives during the data modeling process according to the individual perception of the current river conditions as reported by each respondent. Because we used the same attribute levels for the description of the two river development programs on the choice sets (Options A and B; Fig. 1 ; Table 1 ) and the questionnaire-based assessment of the status quo, we were able to use distinct attribute levels to define each respondent's status-quo alternative (Option C; Fig. 1 ). If status-quo data were missing, we imputed them countrywise with the means of all respondents with nonmissing data (Ahtiainen et al. 2015) . All model parameters were estimated by simulated maximum likelihood using Halton draws with 1000 replications.
Conversion of parameter estimates into marginal willingness-to-pay (MWTP) facilitates the comparison of parameters between countries because a common monetary scale unit (€) is used for all attributes. We estimated the MWTP values as the negative ratios of the attribute parameters and the cost parameter (Hanemann 1984) . They indicate how much respondents were willing to pay for a one-level change of a nonmonetary attribute, for example, from moderate to good bathing water quality quantifying the desirability of perceived benefits from the level change (Table 1) . To calculate the MWTP estimates, we used the median value of the log-normally distributed price coefficient because using its mean value would have resulted in unreasonably low MWTP estimates close to zero. A model with a fixed price coefficient, in turn, would result in significantly lower model fit as it assumes that no heterogeneity exists among respondents towards cost. The median, on the other hand, is more robust to extreme values (Bliemer and Rose 2013) , and the estimated coefficients are consistent with the estimated price coefficient of the mixed logit model with a fixed price coefficient (Sagebiel et al. 2017 ).
Subsequently, we calculated nonmarginal welfare measures (Hanemann 1984 ) for a range of policy scenarios. The measures indicate the benefits accrued to society from a given combination of attribute level changes relative to the status quo:
Here, CS is the compensating surplus welfare measure, β cost is the marginal utility of income (the coefficient of the cost attribute) and V 0 n and V 1 n represent the nth individual's indirect utility functions before and after the change under consideration. We used the 95% confidence intervals to determine the statistical significance of all MWTP differences, and of within-country CS differences. Betweencountry CS differences were tested for significance using the Poe test (Poe et al. 2005 ).
Policy Scenarios
We developed six policy scenarios to understand the population benefits in terms of CS values that may result from the ecological outcomes of distinct 10-year river basin management plans (Table 3 ). The resulting CS values reflect the joint effect of each scenario's combination of attribute levels relative to the baseline levels (for Attributes 1 and 2; Table 1 ) and to the individual status-quo levels (as ascertained for Attributes 3-6; Table 1), respectively, that were assumed for Option C (Fig. 1) . The scenarios were set up according to different management strategies focusing either on (i) improved conditions for capture fisheries (Scenarios 1 and 2), (ii) nature conservation (Scenarios 3 and 4), or (iii) green-energy production through hydropower plants (Scenarios 5 and 6; Table 3), alongside assumed impacts on fishes and general river biodiversity. By comparing the utilities of possible outcomes, our analyses showcase the benefits that river restoration may bring about in each of the four countries.
Both fisheries-oriented scenarios (Scenarios 1 and 2; Table 3 ) focused on salmonid fish species to maintain capture fisheries. The native-salmonid scenario (Scenario 1) had Atlantic salmon occuring very frequently, which would also benefit other riverine species. Therefore, this scenario also assumed a high level of native biodiversity and medium levels of the three abiotic attributes (Attributes 4-6; Table 3 ). The nonnative-salmonid fisheries scenario (Scenario 2) featured rainbow trout, which hardly reproduce in central Europe and therefore need to be stocked. This scenario assumed a correspondingly low share of native biodiversity, very easy accessibility of the banks for fishers to be able to reap the benefits of rainbow trout stocking and medium levels of the other two attributes (Table 3) . The conservation-oriented scenarios (Scenarios 3 and 4; Table 3 ) were unrelated to fisheries. They included migratory Atlantic salmon as a flagship umbrella species (Kalinkat et al. 2017) , indicating a good ecological river status, and had very high levels of native biodiversity (Table 3 ). In the native-salmonids conservation scenario (Scenario 3), Atlantic salmon occurred frequently in rivers with only few hydropower dams and good bathing water quality to render this scenario comparable to the native fisheries scenario (Scenario 1), but here we assumed difficult access to the river banks to improve the ecological quality of the riparian zone (Table 3 ). In the holisticecosystem scenario (Scenario 4), we assumed Atlantic salmon to occur less frequently, and for the three abiotic attributes we assumed the levels that we considered ecologically most valuable (i.e., no hydropower dams, very difficult accessibility, and very good water quality; Table 3 ). The green-energy scenarios (Scenarios 5 and 6; Table 3 ) focused on the production of climate-friendly electricity from hydropower plants. Consequently, hydropower Scenario 5 assumed very many hydropower dams. As no emphasis was put on fisheries in this scenario, we included frequently occurring bream as fish species, which is not often targeted by fishers and whose abundance increases in flow-regulated rivers, along with a very low level of native biodiversity, very easy accessibility and moderate water quality (Table 3) . In Scenario 6, we maintained the goal of green-energy production while facilitating capture fisheries through regulated hydropower, comparable to the situation in Norway (Alfredsen et al. 2012) . To that end, we assumed a reduced number of hydropower dams and ecologically improved levels of the other two abiotic attributes compared to hydropower Scenario 5. In addition, we assumed native brown trout, another flagship and umbrella species often targeted by fishers and indicative of a good ecological river status, to occur frequently together with a high level of native biodiversity (Table 3) .
Sample and Data Collection
The questionnaire was administered by means of an internet-based survey that was carried out in September 2015 among the general populations aged 16-74 years living in private households in Norway, Sweden, Germany, and France (n = 1000 per country). Study participants were randomly sampled from online consumer panels (with 40,000 to nearly 100,000 members per country) whose members had been previously recruited by phone (i.e., offline) using a probability-based, random digit-dialing method as sampling frame (Heckel et al. 2014; ADM 2018 ). The online populations (i.e., persons living in households with internet access) covered between 83% (France) and 97% (Norway) of all private households (Germany: 90%; Sweden: 91%; Eurostat 2016). Country-specific quotas were set on age groups, gender and the highest education level achieved (as standardized by the International Classification of Education ISCED; UNESCO 2016) according to census data (Eurostat 2015) . Fieldwork including the development and administration of the questionnaire was planned and conducted following recommendations given by Dillman et al. (2014) . The data collection phase was preceded by technical pretests and n = 30 pilot interviews per country. Participants of the main study were invited by email followed by up to three reminder emails.
Results
Sample Description
The samples did not differ significantly in mean age (ranging from 41.5 years in France to 43.2 years in Sweden; post-hoc tests: p ≥ 0.05; F = 2.7, df = 3) and gender composition (Table 4 ) but slightly differed in education levels (Table 4) . These distributions mirror the online populations of the four countries according to census data (Eurostat 2015) . Norwegian and Swedish respondents perceived the status quo of their nearby rivers quite similarly. Both assumed the rivers' native biodiversity to be higher, the accessibility of the banks easier and the bathing water quality better than the Germans and particularly the French (Table 5) . While respondents in all countries characterized the water flow of the rivers as modified by only a few hydropower dams (Table 5) , the Norwegians considered the water flow to be somewhat stronger modified than the Swedish and German respondents. The French perceived the least dam-related impact on the water flow (Table 5) .
Preferences for River Attributes
The negative parameter estimates for the ASCsq in all countries (Table 6 ) indicated that the respondents derived utility from moving away from the status quo and thus from Table 5 Perceived status quo of the rivers within a 50-km area around respondents' homes: means (M), standard deviations (SD), and ANOVA for river attributes used in the choice experiment Table 1 Environmental Management (2019) 63:759-776 Price parameter estimates are the means and standard deviations of the natural logarithm of the price coefficients choosing to contribute financially to a river development program. Coefficients for the interactions between the ASCsq and the sociodemographic and environmental characteristics showed mixed results. While the utility of the status-quo alternative increased with increasing age in all countries, and with being female in France, it decreased for female respondents in Germany (Table 6 ). Furthermore, its utility decreased in Norway and Sweden with increasing degree of urbanization and increased in Norway with increasing number of nearby rivers (Table 6) . Except for grayling, all fish species contributed to a river's perceived utility, relative to bream, in at least one country. Five species provided benefits in France and in Norway, four in Sweden and two in Germany (Table 6 ). The native salmonid species (Atlantic salmon, brown trout) were generally more appreciated than the nonnatives (brook and rainbow trouts) as evidenced by the total number of significant parameters across all countries (seven vs. four, respectively; Table 6 ). Also, utility was derived from European eel in France and Sweden and by sturgeon in France, Germany, and Norway (Table 6 ). The relative abundance of a fish species in a river did not impact utility, except in Germany where its influence was negative (Table 6 ). An increase in the share of native biodiversity and in bathing water quality increased utility in all countries as did an increase in accessibility of the river banks, except in Germany (Table 6 ). The more a river's water flow was modified due to hydropower dams, the more the expected utility of a river decreased in all countries (Table 6 ).
In line with economic theory, the negative sign of the cost attribute indicates the decreasing probability of a respondent to choose an alternative when its price rises (Table 6 ). In all countries, the standard deviations for most attributes were significant, in some instances solely the standard deviation became significant (Table 6 ). As the random parameter model captures unobserved taste heterogeneity with respect to the attributes, significant standard deviations indicate the presence of taste heterogeneity in the sample. The model results thus bear witness to considerable unobserved taste heterogeneity among respondents implying strong differences in preferences within the populations.
Marginal Willingness-to-pay for River Attributes
A comparison of the marginal willingness-to-pay (MWTP) values within fish species (Attribute 1) across countries as well as across species within countries resulted in only few significant differences as evidenced by nonoverlapping confidence intervals (Table 7) . Within-country differences were found only in Norway where native salmonids (Atlantic salmon: 160.7 €, brown trout: 147.2 € per year) were valued higher than sturgeon and nonnative brook and rainbow trouts (38.2 €, 47.7 €, and 59.4 € per year, respectively). The Norwegian MWTP for Atlantic salmon was also the only species-related value that differed significantly from its corresponding value in another country (France: 40.6 € per year; Table 7 ). An increase in the relative abundance of the focal fish species (Attribute 2) affected a river's utility only in Germany where it led to a decrease in MWTP by 1.3 € per year per % increase. An increase in native river biodiversity (Attribute 3) increased river utility in Germany, Norway and Sweden by 1.7, 0.5, and 1.5 € per year, respectively, per % increase ( Table 7) . As for the MWTP values of the abiotic attributes, which quantify the change in utility for a one-level increment of an attribute, countries differed strongly in the disutility entailed by an increase in the number of hydropower dams (Attribute 4). Whereas a one-level increase decreased the amount of money people would be willing to pay for a river development plan in Germany by 98.3 € per year, the MWTP in Norway decreased by only 8.6 € per year ( Table 7 ). The negative utility of this attribute in France was higher than the latter (25.4 € per year), while the Swedish MWTP decreased by 54.5 € per year (Table 7) . MWTP values associated with a one-level increase in the accessibility of the river banks (Attribute 5) and in bathing water quality (Attribute 6) increased by approximately the same amounts in both France and Norway (accessibility: 13 € per year; bathing water quality: 22 € per year; Table 7 ). For bathing water quality, economic values in Germany and Sweden were higher and also very similar (79 € per year; Table 7 ). The MWTP value of the accessibility in Sweden was 48 € per year, while this attribute did not significantly add to a river's perceived utility in Germany (Table 7) .
Benefits of the Policy Scenarios
All scenarios provided nonzero benefits to the four societies except for the hydropower (green-energy) Scenario 5 in Germany (Table 8 ). In the other three countries, this scenario still delivered the lowest CS values of all scenarios. Moreover, it was the only one whose CS values showed 95%-confidence intervals that did not overlap with those of other scenarios in the same country. Except in Sweden, the hydropower (green-energy) Scenario 5 delivered lower benefits than the scenario focusing on fisheries for native salmonids (Scenario 1) and both conservation-oriented scenarios (Scenarios 3 and 4; Table 8 ). Apart from the value-lowering presence of very many hydropower dams (Table 7) , the low utilities derived from the hydropower (green-energy) scenario also originated from moderate bathing water quality, very low share of native biodiversity and very frequent occurrence of bream, the reference species (Table 3 ). The joint CS-diminishing effect of these attribute levels, however, was compensated for as soon as the green-energy management strategy underlying For scenario descriptions see Table 3 *p < 0.05
hydropower Scenario 5 was modified to also attain the goal of facilitating capture fisheries for native brown trout, alongside improvements in native biodiversity and bathing water quality (Scenario 6; Tables 3, 8 ). In consequence, nonoverlapping confidence intervals between both hydropower scenarios in all four countries indicated a significant increase in CS from a strict hydropower management strategy (Scenario 5) to a strategy that additionally facilitated fisheries (Scenario 6; Table 8 ).
Countries differed, however, regarding the general level of economic values generated through the scenarios. As evidenced by significant Poe-test results (Table 8) , the Swedes benefited substantially more than the French and Norwegian citizens from all six scenarios while none of the CS differences between the latter two countries was significant (CS range in Sweden: 245.4 € to 699.6 € per year; in France: 77.6 € to 226.4 € per year; in Norway: 67.0 € vs. 303.7 € per year; Table 8 ). Compared to these consistent differences, welfare estimates in Germany varied from scenario to scenario relative to the other countries (CS range in Germany: 75.6 € to 685.6 € per year; Table 8 ). Despite these between-country differences in value levels, the significantly lower CS values found in every country for the hydropower (green-energy) Scenario 5, and their improvement when expanding the management goal by capture fisheries (Scenario 6), suggest uniform within-country variations of the combined impact of each scenario's combination of attribute levels (Table 8) .
Discussion
We investigated the preferences of the general population of France, Germany, Norway, and Sweden for hypothetical river development programs aimed at improving the ecological status of rivers in the vicinity of respondents' places of residence, including riverine biodiversity and the rivers' potential for fisheries. We found that citizens in all study countries had similar preferences for river attributes and generally benefited from these programs though at different levels of MWTP and CS. In all countries, MWTP estimates drove total river utility in the same direction resulting in similar patterns of differences in CS values across the six policy scenarios. Simultaneously, significant standard deviations associated with model coefficients signaled taste heterogeneity in the population. The development of nearby rivers was generally preferred to maintaining their perceived ecological status quo. The abiotic river attributes, particularly a minimized number of hydropower dams and good bathing water quality, contributed considerably to total river utility. Of the biotic attributes, only the fish species occurring in a river made a substantive, though countryspecifically varying, contribution but not a species' abundance or a river's native biodiversity. Our hypotheses about people's preference for good water quality, easy river bank access and native biodiversity thus received support as did our assumption of country-specific preferences for particular fish species. We propose a range of mechanisms for our findings below.
While five fish species added to a river's perceived utility in France (rainbow trout, Atlantic salmon, brown trout, European eel, sturgeon) and Norway (brook trout, rainbow trout, Atlantic salmon, brown trout, sturgeon), more species than in the other countries, the Norwegians gained significantly more utility than the French from Atlantic salmon. This species' high economic and cultural relevance in Norway is underscored by an MWTP value that is higher than those for most other species valued in this country (brook trout, rainbow trout, and sturgeon). Across all countries, the native salmonid species (Atlantic salmon, brown trout) achieved seven nonzero MWTP values as opposed to four values for the nonnative salmonids (brook trout and rainbow trout), suggesting a cross-country preference for salmonid species that happen to be native (see Kochalski et al. 2019 for perceived nativeness of salmonid species). Because in Sweden and Germany fewer species than in France and Norway exhibited significant MWTP values (four and two, respectively), our results collectively give rise to speculations that the societal significance of fish species might be declining along a longitudinal gradient from European countries with extensive Atlantic seaboards (Norway, France) to more eastward countries with only indirect access to the Atlantic ocean but with long coastlines bordering the Baltic sea (Sweden, Germany), and with large areas remote from any seashore (Germany). An explanation for these between-country differences could be that European societies have been selectively affected by the "shifting baseline syndrom" (Pauly 1995) . This process describes a long-term inter-and intragenerational extinction of knowledge of, and experience with, the conditions of the biological environments people live in due to a loss of opportunities to interact with nature (Papworth et al. 2009; Soga and Gaston 2016) , including domestic fish species (Kochalski et al. 2019; Liebich et al. 2018) and possibly other components of river biodiversity. As a result, people may have become disconnected from (largely) extinct species like Atlantic salmon in countries such as Germany (Wolter 2015; Lenders et al. 2016; Kochalski et al. 2019; Liebich et al. 2018) . Such a development would be critical as a loss of memory of past environmental degradation may ultimately lead to a reduction in the public's engagement with, and notably their willingness-to-pay for, conservation efforts (McClenachan et al. 2018) . While people were indifferent to grayling, European eel provided benefits to the French and Swedish societies as did sturgeon to all countries except Sweden. The latter two species either have been declining in recent years, such as eel in Germany, where it is economically still important to local-scale inland fisheries, or are threatened with extinction globally, like the sturgeon species (Freyhof and Brooks 2011) . These findings suggest that expensive restoration activities tailored toward eel and sturgeon (e.g., BfN Bundesamt für Naturschutz 2010; European Commission 2014) in countries where they were valued in our study are likely to receive considerable public support, whereas efforts to reintroduce, for instance, Atlantic salmon in Germany (e.g., Wolter 2015), the only country where this species was not valued, would not.
Confirming our hypothesis, native river biodiversity generated utility in three countries, a finding that was previously identified for rivers in Sweden (Kataria 2009 ) and in the UK (Hanley et al. 2006) as well as for the ocean (Jefferson et al. 2014; Jobstvogt et al. 2014; Daigle et al. 2016) . The abundance of the focal fish species presented in the CE was only valued in Germany where it generated negative utility, suggesting a tendency among Germans to prefer a diversified assemblage of fish species that is not dominated by a single species, which is in line with a preference for general biodiversity. As both these attributes made only small contributions to CS values and in opposing directions, biodiversity in general provided little welfare to the four societies. People even benefited from nonnative fish species, whose occurrence may threaten freshwater biodiversity (Gozlan et al. 2010; Cucherousset and Olden 2011 . The utility attached to these species may originate from the fact that they have been stocked for a long period of time (Aas et al. 2018) and are likely considered naturalized across Europe (Kochalski et al. 2019) , and also from their relevance in the diets of many Europeans. Though previous studies have shown the importance of perceived biodiversity to human health and well-being, this relationship is not direct and depends on the presence of particular species (Fuller et al. 2007; Pett et al. 2016) . Moreover, the perceptions of biodiversity are often at odds with the actual biodiversity present in an ecosystem (Fuller et al. 2007; Shwartz et al. 2014; Belaire et al. 2015; Sandifer et al. 2015) .
According to our results, the bathing water quality and the presence of hydropower plants as abiotic river characteristics were more important to people than ecological properties like biodiversity. Bathing water quality drove preferences significantly, particularly in Sweden and Germany, confirming results from previous studies in both freshwater and marine waters (Daigle et al. 2016; Artell and Huhtala 2017) . A usability-based index of water quality like the one we employed was previously found to be correlated with an indicator that measured the ecological status according to the WFD (Artell and Huhtala 2017) , suggesting that management towards good water quality may indirectly elevate biodiversity. The societal value attached to bathing water quality is probably linked to its perceived relationship with what people consider a clean and healthy river (Jefferson et al. 2014; Daigle et al. 2016; Liebich et al. 2018) . The usage of rivers for hydropower production also contributed significantly, though negatively, to a river's total utility, most of all in Germany and least so in Norway although the Norwegian respondents reported the comparatively strongest perceived impact (status quo) of hydropower dams on their rivers' water flow. While recently hydropower has had its rebirth in an attempt to increase renewable energy production worldwide (Zarfl et al. 2015; Winemiller et al. 2016; Couto and Olden 2018) , in our survey, a river's utility decreased substantially with increasing fragmentation due to hydropower dams. Given the major negative impact that river fragmentation has had on riverine biodiversity over centuries (Wolter 2015; Lawrence et al. 2016; Lenders et al. 2016) , and is continuing to have globally (Zarfl et al. 2015; Winemiller et al. 2016; Cooper et al. 2017; Couto and Olden 2018) , it is vital from an environmental perspective to implement measures (e.g., installing fish ladders for migratory fishes or applying administrative means to adjust a river's flow regime; Poff and Schmidt 2016) to better balance social and ecological requirements as was done in Norwegian watersheds (Alfredsen et al. 2012; Ruud and Fjeldstad 2015; Norwegian Environment Agency 2017) . While such regulations are not in place in the small-scale hydropower operations common to, for example, Germany (Zarfl et al. 2015) , the very low negative MWTP of hydropower in Norway may have resulted from this country's strong dependence on, and hence from a broad societal acceptance of, hydropower, or from the fact that Norway has protected more watersheds against hydropower development than, for instance, Sweden (Norwegian Environment Agency 2017; Swedish Environment Law 2017). Supporting our findings, Kataria (2009) found that Swedish households were willing to pay for environmental improvements in hydropower-regulated waters (like, e.g., ecologically optimized river vegetation or increased biodiversity). With the exception of Germany, easy access to the river banks was also preferred, particularly in Sweden. This result agreed with previous findings from Poland (Birol et al., 2009 ). Because we informed our respondents in the survey that easy access to the river banks may cause the loss of natural habitats of riparian plants and animals (due to artificial embankments or trampling), the preferences found in this study imply that respondents also valued river conditions that are at least partly anthropocentric in nature (by providing roads to and pathways along the river banks) and may thus exert pressure on ecological river functioning.
Complementing the attribute-based utilities just discussed, results from the scenario analyses showed that the preferences for the outcomes of selected river basin management plans were very similar in the populations of the four European countries albeit at different CS levels. Our findings showcase the benefits that ecological river management and restoration can provide to the four countries, most strongly in Sweden but also in Germany. The findings also demonstrate how a management plan that fails to meet the general population's preferences (as in the case of the green-energy hydropower Scenario 5) can cause a significant decline of a river's perceived economic value (compared to the native-salmonid fisheries Scenario 1 and to both conservation-oriented Scenarios 3 and 4). But the results also reveal how the CS values can be improved when the management strategy is revised to also supply ecosystem services such as capture fisheries for native salmonids (Scenario 6).
In terms of the limitations of our study, the low importance found for the biotic attributes needs to be interpreted with some caution. Although previous research has found that the general public was indeed able to derive economic values from unfamiliar ecological objects such as biodiversity (e.g., Börger and Hattam 2017) , the potential of a CE to inform respondents about the ecological relevance of river attributes is limited. Despite our attempt to familiarize respondents with the attributes beforehand, respondents are unlikely to have been fully knowledgeable about biodiversity and the benefits it provides to society. In consequence, respondents may also have expressed their preferences for biodiversity indirectly through choosing high levels of water quality and fewer dams assuming that biodiversity would benefit from both. Moreover, the study context may have overemphasized negative aspects of hydropower production. We introduced the questionnaire as a survey on "humans-rivers-species diversity" which may have biased respondents' answers in a proecological direction. Had the CE been administered in a survey on, for example, electricity production, hydropower may have performed more positively in relation to fossil fuel or nuclear power.
Implications and Conclusions
Our findings have five main implications. First, all significant MWTP values had the same algebraic signs in all countries. These unidirectional impacts suggest a common preference structure, which was corroborated by a uniform pattern of within-country variations of the CS values across the scenarios. Second, the differing levels of the utility estimates between the countries likely result from cultural and biogeographical differences between the countries emphasizing the necessity to consider the specific societal conditions in each country in the public discourse about the values of nature and biodiversity conservation. Third, citizens in all countries preferred ecologically valuable conditions, which simultaneously supply ecosystem services (e.g., good bathing water quality, fisheries), with the preference for easy bank access and for nonnative salmonids being important exceptions. Forth, the relevance of selected fish species varied between the four countries, which has implications for the acceptability of speciescentered conservation efforts. Lastly, the scenario analyses demonstrated that our CE data allow for a comparison of a range of alternative river basin management goals. These data can thus be used for informing policy makers' decisions on improvements of the ecological status of domestic rivers while gauging each decision's social benefit (or cost).
To conclude, our results show that ecological river management can create high levels of economic benefits in particular through an optimal combination of the three abiotic river attributes (hydropower dams, bank accessibility, and bathing water quality) but also through efforts to restore declining or extinct fish species. Thus, if environmental managers also considered biotic river characteristics, including the fish species assemblage, even more benefits could be generated. As the common cross-country utility structure allows for taking advantage of synergy effects in planning efforts within the European Union and cooperating countries (Norway), our results give indications of which policies are likely to generate high societal benefits that might justify even expensive river restoration efforts.
